Miracle tree (Moringa oleifera) as it is popularly called, has been found useful both medicinally and economically. Its consumption both in the raw and as processed preparations has increased a great deal thus making the fast growing plant a highly valued and cultivated one in the tropics and sub-tropics. There is however, little reference to its toxicity profile and evaluation. Hence, this study evaluated the toxicity profiles of the leaves and seeds of M. oleifera and the corresponding effects on vital organs of Wistar rats using the biochemical, heamatological and histopathological indices. Daily doses of 100, 200, 400 and 1000 mg/kg body weight of crude methanol extracts of M. oleifera leaves and seeds were administered orally to 8 groups of 5 rats per group each for 28 days. A control group of 5 rats was also included in the experiment. Heamatological, biochemical and histopathological indices were evaluated by standard methods. Data were analyzed using one way analysis of variance and statistically significant difference was considered at p<0.05, p<0.01 and p<0.001. Histopathological changes were observed in the heart, liver, lungs, spleen and kidneys of rats treated with the extracts at all doses tested. Some other physical changes like agitation, confusion and disorientation were observed at the highest dose tested (1000 mg/kg) of the seed extract. A significant increase (p<0.05) in neutrophil, white blood cell (WBC) and platelet were observed. However, a significant decrease in aspartate amino transferase (AST), alanine amino transaminase (ALT), alkaline phosphatase, (ALP) was also observed. The results suggest that the leaf and seed extracts of M. oleifera could boost immunity and offer hepatoprotective effects.
INTRODUCTION
Herbal medicine is one of the oldest forms of treatment for diverse ailments and it has enjoyed a relatively high subscription for obvious reasons like being cost effective, accessible, and it blends with sociocultural life of the people. 1 WHO has stated that herbal or medicinal plants are the best source to obtain a variety of drugs.
2 M. oleifera popularly known as miracle tree or drumstick tree in Nigeria is highly valued and most cultivated species of the monogenetic family Moringaceae. It is cultivated widely both in the tropics and subtropics. 3 The Moringa plant has found a great deal of economic, nutritional and medicinal use globally as all its parts contain good sources of proteins, vitamins and minerals and carotenoids. 4 Ethnobotanical surveys indicate that the root has been used to treat a number of ailments like rheumatism and constipation, while the leaves has been used as purgatives, for treating piles, headache, ear and eye infection. 5 The gum is used for dental caries, dysentery, asthma, fevers and the seed exerts protective effect by decreasing liver peroxides. 6 Commercially, it is used in water treatment where crushed seeds are used to clarify turbid and dirty water. The oil can be used as fertilizer and in ointment for skin conditions. It has also found use as fodder for cattle. 7, 8 Medicinally, it is used in the management of hypertension, cholesterol lowering, as diuretics, analgesics, antioxidants and antifungal. 3, 5, [9] [10] [11] [12] [13] Moringa is rich in simple sugars like rhamnose and its bark contain some alkaloids. 14 Several unique compounds such as glucosinolates and isothiocyanates are also components of M. oleifera plant. 10, 15 Its phytochemistry also revealsthe presence of flavonoids, glycosides, carbohydrates and sterols 16 all of which may contribute to the biocativities attributed to this plant. 17 Previous studies showed no toxicity up to a dose of 5000 mg/kg body weight for the aqueous leaf extract when evaluated for the acute and sub-acute toxicity in male Sprague-Dawley rats.
The possible toxic effects however, may vary and this may be attributable to significant differences which exist between various species of Moringa from different locations. 18 Therefore, this present study seeks to assess and compare the sub chronic toxicity profile of the leaf with seed extracts of Moringa oleifera by monitoring the histopathological, biochemical and heamatological indices aimed at revealing the effect these extracts may have on long term use.The findings in this work will add to the value of this plant nutritionally, medicinally, commercially and ultimately, provide information on its safety profile.
MATERIALS AND METHODS

Plant materials
The leaves and seeds of M. oleifera were obtained from Ibadan metropolis, Nigeria in May 2013. The authentication was done in Forest Herbarium Ibadan where a voucher specimen (FHI 110098) was deposited.
Extraction
A mass of 500 g each of the seed and air-dried leaves were blended to produce a coarse powder. Extraction was by cold extraction in 95% methanol for 72 h and concentrated using rotary evaporator to give a 40 g and 62.5 g yield of the seed and leaf methanol extracts respectively.
Experimental animals
Forty-five albino rats of average weight 120-150 g were purchased from the experimental animal house of the Faculty of Veterinary Medicine, University of Ibadan. Nigeria and kept under standard environmental conditions (12 h light/12 h dark cycle). They were grouped into two major groups of twenty rats each for the seed and the leaf extract administration. Sub-groups of five animals were kept in each cage with two groups of five animals per group as controls and they were fed with standard diet and clean water was given ad libitum. The animals were allowed to acclimatize for two weeks prior to the experiment. Experimental animals were fasted for 14 h overnight before the experiment and were handled in accordance with the OECD 420 guidelines for testing of chemicals. 19 
Treatment protocol
The animals were divided into 8 test groups of 5 rats per group and were administered 100, 200, 400 and 1000 mg/kg body weight of methanol (seed and leaf) extracts of M. oleifera daily for 28 days. The control group of 5 rats was also administered distilled water daily.
Blood sample and organ collection Blood samples were collected into lithium heparinized bottles by capillary tubes from the retro-orbital sinus of the rats. Plasma was obtained by centrifuging the blood at 3000 revolutions/min and stored at −20ºC for biochemical assays and the whole blood was used for hematological studies. The organs were collected and placed in 10% formalin to prevent decay. 8, 20 Biochemical assays An auto-analyzer (Archem, BM240, Turkey) was used to assay for biochemical parameters which include: aspartate aminotransferase AST, 21 alanine aminotransferase ALT, 22 alkaline phosphatase (ALP), 23 albumin 14 and urea.
12
Hematological assays An automated heamatology system analyzer (Archem BM240 Turkey) was used to assay for white blood cell count (WBC), red blood cell (RBC), haemoglobin (HB), heamatocrit (HCT), mean cell volume(MCV), mean corpuscular neutrophil (NEU). 24 
Histopathological Examination
The organs were harvested and fixed in normal saline for 72 h and sliced and the tissues were then dehydrated and treated with paraffin wax; sections were then cut on a microtome and were attached to a slide and allowed to dry, stained with heamatoxylin-eosin and examined under a light microscope; photomicrographs of the tissues were then recorded.
19,25
Statistical Analysis Data analysis was carried out using one way analysis of variance (ANO-VA) followed by Tukeys multiple comparison pair and student t test was used to determine the difference between the control and individual test groups. Results were presented as mean ± SEM, and the differences were considered significant p˂0.05.
RESULTS AND DISCUSSION
Toxicity studies are very important in establishing safety limits for potential drugs and they are also usually used to assess possible health risk posed by plant extracts. 26 Our study examined the effect of M. oleifera extracts on heamatological, biochemical and histopathological indices as specific markers can be used and the evaluation of these indices will establish a safety profile for this plant. Hematological parameters as shown in Table 1 revealed some changes in its indices. The changes in the effect of these extracts,since this plant has been known to be rich in isothiocyanate, may then be attributable to isothiocyanate producing glycosides. 27 A consistent and significant decrease in PCV (p< 0.05)was observed in animals treated with 200 mg/kg body weight of the seed extractwhile no significant change at other doses including those of the leaf extracts tested was observed. There was a significant decrease in Hb (p<0.05) in animals treated with 1000 mg/kg body weight of the seed extract while there was no significant change in Hb at other doses. The leaf extract, also did not produce any significant decrease in Hb at all the doses tested. The decrease in PCV and Hb indicates that the seed extractat some particular doses can precipitate some degree of anaemia especially if used over a long period of time. Theobserved increase in neutrophil and white blood cells (WBC) though insignificant,in animals treated with 200 and 1000 mg/kg of the seed extract may be as a result of the ability of the plant to cause some degree of improvement in immunity. This observation supports previous studies where Moringa oleifera has been to cause significant increase in white blood cell count. 18 Some biochemical indices are markers of hepatic injury and hepatocellular necrosis. 28 In the present study, a significant decrease (p<0.05, p<0.01 and p<0.001) in the liver enzymes, Aspartate amino transferase (AST), alkaline phosphatase (ALP) and alanine amino transferase (ALT) in animals treated with both extracts were observed and compared to the control at all doses tested as shown in Figures1-5 below.
Aspartate aminotransferase
Aminotransferases (ALT and AST) are good markers of liver cell damage though not necessarily indicative of the severity of damage. 29 There was a significant decrease of AST levels p<0.01 in the group of rats treated with 100 and 200 mg/kg, p<0.001 and p<0.05 in rats treated with 400 mg/kg and 1000 mg/kg seed extract respectivelywhile only the group treated with1000 mg/kg leaf extract revealed a significant decrease in AST levels p<0.01.Other doses of the leaf extract tested revealed no significant change in the levels of AST. A decrease of AST observed is an indication that the extracts possess some potential to protect the liver cells.The seed extract at all doses tested can thus be regarded as safe doses at which the extract may be administered.
Alanine aminotransferase
An increased ALT is known to indicate liver disease and has become a tool for measuring hepatic necrosis. 30 In this study, the decrease in alanine amino transferase (ALT) levels was significant p<0.05 in the group treated with 200 mg/kg of the seed extract, emphasizing the 200 mg/kg body weight as an effective and safe dose while other doses of both seed and leaf extracts, revealed no significant changes.
Alkaline phosphatase A significant decrease in the alkaline phosphatase (ALP) levels p<0.001 was observed in rats treated with the seed extract at all doses tested, indicating that the seed extract is safe at all doses tested and effective in lowering the liver enzyme ALP. The occurrence of cholestasis normally associated withincrease in serum ALP and which mostly precedes other indicators such as hyperbilirubinemia is thus ruled out.Hence, the seed can be said to be more effective in reducing the liver enzyme ALP when compared with the significant decrease in ALP levels p<0.01 and p<0.001 at 100 mg/kg and 1000 mg/kg body weight respectively which was observed in rats treated with the leaf extract while at other doses of the leaf extract (200 and 400 mg/kg) revealed no significant change.
Blood urea nitrogen
Urea is one of a number of non-protein nitrogenous substances that accumulate in the plasma when renal excretion is reduced. Causes of increased blood urea levels include high protein diet, intestinal hemorrhage, dehydration and shock. Urea level could be decreased as a result of liver failure, low protein diet and presence of anabolic steroids. 30 In this study, there was a significant decrease ( p<0.001) in blood urea nitrogen levels in animals treated with 100 mg/kg of the seed extract Pharmacognosy Communications, Vol 6, Issue 2, Apr-Jun, 2016 while other doses revealed no significant change. The group treated with the leaf extract revealed no significant change at all doses tested. This indicates that the seed extract will be a better option in the control of blood urea nitrogen level.
Creatinine
In this study, the seed extract of Moringa oleifera was able to reduce the creatinine levels (p<0.01) at most of doses tested (100, 200 and 1000 mg/kg) apart from at 400 mg/kg body weight where the decrease in creatinine level was significant p<0.05. The leaf extract was only able to significantly reduce the creatinine level p<0.01 in the group of animals treated with the highest dose level (1000 mg/kg). Treatment with leaf extract at other doses revealed no significant change.
Histopathological examination revealed mild to moderate changes in animals treated with Moringa seed extract mainly at higher doses when compared to the controlas shown in Figures 6-10 . All the animals treated with Moringa seed at the highest dose of 1000 mg/kg body weight exhibited along side the changes observed in organs, some physical changes like agitation, tremor, confusion and disorientation towards the 25 th day of the experiment. These observed effects soon faded as no mortality was recorded throughout the duration of the experiment. The group of rats treated with the leaf extract, however revealed major visible changes in all organs and at all doses tested across the doses tested (even at lowest dose of 100 mg/kg) with exception of the spleen where the change was a very mild diffuse congestion as shown in Figures 11-15 . This suggests that the seed extract may be safer across all doses tested even though administration at lower doses will be preferable especially when on a long term use. This is in line withprevious studies where no observed overt adverse reactions in the acute and sub-acute studies were observed. It was therefore reported that Moringa oleifera dried leaf extract may be reasonably safe for consumption but with recommendation that the consumption of the leaves should not exceed a maximum of 70 g per day to prevent cumulative toxicity over long periods. 18 The results (heamatological, biochemical and histopathological) in this studyrevealed that the seed was able to more significantly alter the levels of liver enzymes when compared to the leaf extract of Moringa oleifera. The change in these liver enzymes may confer some protection on the liver and kidney respectively as an elevation is markers of hepatic damage. 29 Therefore, the methanol extracts of M. oleifera seed and leaf may thus be useful (although to different degree)in the management of acute liver or kidney disease where a reduction in the biochemical indices is required.
CONCLUSION
This study demonstrated that the methanol extract of Moringa oleifera seed unlike the leaf extract may not cause significant deleterious effects on the liver and kidney tissues, but both the seedand the leaf extracts however,possess potentials capable of altering some of the biochemical parameters and hematopoietic elements. However, the leaf extract revealed major changes ranging from moderate to severe congestion of coronary vessels across all the doses tested. The seed extract, in this study, revealed more significant changes in all the indices when compared to the leaf extract indicating that the seed may be a better option especially on a long term use. Further investigation is however needed to establish the bioactive compounds involved in mediating these biological effects.
